A gram-negative bacterium Xanthomonas campestris was subjected to sonic stimulation with sound pertaining to 1000 Hz at three different sound intensities. The X. campestris culture subjected to sonic stimulation at 66 dB produced 1.69 fold higher exopolysaccharide. Whole transcriptome analysis of this sonic-stimulated culture revealed a total of 115 genes expressed differentially in the sonic-stimulated culture, majority of which were coding for different proteins including enzyme. This study demonstrates the property of the test bacterium of being responsive to sonic/vibrational stimulation.
Introduction
Our knowledge regarding whether and how microorganisms respond to sonic frequencies (i.e. However, whether this trait of sound-responsiveness is widely distributed among microbial word, that remains to be explored; which requires subjecting a larger number of microorganisms to a variety (e.g. in terms of intensity, frequency, duration, etc.) of sonic stimulation, and then studying their response at molecular, cellular, and population level. In such an effort in this study we exposed a gram-negative bacterium namely Xanthomonas campestris to a mono-frequency sound of 1000 Hz at different intensities, and the sonic-stimulated bacterial culture exhibiting enhanced exopolysaccharide (EPS) production was subjected to whole transcriptome analysis to know how sonic stimulation has affected bacterial gene expression.
Materials and Methods

Bacterial strain
X. campestris culture was procured from Microbiology Dept., Gujarat University. It was maintained on TYE agar (HiMedia, Mumbai). During sonic stimulation, this bacterium was grown in TYE broth supplemented with 1% w/v dextrose (Merck, Mumbai) and 0.7g/L CaCl2 (HiMedia), and incubation was carried out at room temperature.
Sonic stimulation of the bacterial culture
Bacterial culture was subjected to sonic stimulation as described by us previously . The required sound beep of 1000 Hz was generated using NCH ® tone generator. Effect of this sound was tested at three different intensities i.e. 40 dB, 66 dB, and 90 dB. The sound file played during the experiment was prepared using Wave Pad Sound Editor Masters Edition v.5.5, in such a way that there is a time gap of one second between two consecutive beep sounds.
Inoculum of the test bacterium was prepared from its activated culture, in sterile normal saline. Optical density (OD) of the inoculum was adjusted to 0.08-0.10 at 625 nm (Agilent Technologies Cary 60 UV-Vis, Bengaluru) to make it equivalent to the McFarland 0.5 turbidity standard.The flasks (Actira;250 mL) containing 100 mL of growth medium (including 5% v/v inoculum) were placed in a wooden chamber. A speaker (Lenovo M0520) was put in this wooden chamber at the distance of 15 cm from the inoculated flasks. Sound delivery from the speaker was provided throughout the period of incubation (72 h). One layer of loose-fill shock absorber polystyrene was filled surrounding the door of the wooden chamber, to minimize any possible leakage of sound from inside the chamber, and also to avoid any interference from external sound. Similar chamber was used to house the 'control' (i.e. not subjected to sound stimulation) group flasks. One speaker was also placed in the wooden chamber used for the control flasks at a distance of 15 cm, where no electricity was supplied and no sound was generated . Intensity of the sound was measured with a sound-level meter (ACD Machine Control Ltd, Mumbai) at a distance of 15 cm from the speaker. Background sound intensity was measured to be 38-50 dB.
Intermittent mixing of the contents of the flasks to minimize heterogeneity was achieved by putting the flasks at an interval of every 3 h on a shaker for 15 min (120 rpm). Whenever the flasks were taken out of the wooden chamber, positions of the flasks of a single chamber were interchanged, and their direction with respect to the speaker was changed by 180 rotation. This was done to ensure almost equal sound exposure to all the flasks.
Growth and EPS estimation
At the end of incubation, after quantifying the cell density at 625 nm, the culture was subjected to extraction and quantification of the EPS. For this, culture broth was centrifuged for 10 min at 7500 rpm, and the cell-free supernatant (CFS) was utilized for EPS quantification as per the method described by Li et al. (2012) with some modification. Briefly, 60 mL of chilled acetone was added to 30 mL of CFS, and allowed to stand for 30 min. The EPS precipitated thus was separated by filtration through pre-weighed Whatman # 1 filter paper (Axiva, Haryana). Filter paper was dried at 55°C for 24 h, and weight of EPS on paper was calculated (after ensuring complete evaporation i.e. no further decrease in weight of the filter paper being dried).
Whole Transcriptome Analysis
Sonic-stimulated X. campestris (along with control culture) was subjected to whole transcriptome analysis, so that a holistic picture regarding its response to sonic stimulation can emerge.
RNA isolation, library preparation, and sequencing
RNA was extracted from bacterial pellet (late logarithmic phase) using Hi PURA Bacterial RNA Purification kit (HiMedia, USA) followed by measuring its concentration using QubIT, and QC analysis with RNA 6000 NanoBioanalyzer kit (Agilent, Germany). Whole transcriptome library was prepared from QC-passed samples (RNA integrity number >7) employing NEB next ultra RNA library preparation kit (NEB, USA). Briefly, 10 µg of Total RNA was taken for ribosomal RNA depletion using Ribominus Bacteria kit module (Invitrogen Inc., USA). The rRNAdepleted samples were fragmented through enzymatic method. 1 st strandcDNA synthesis was achieved using random primers followed by 2 nd strand cDNA synthesis, end repair and adapter ligation.
The adapter-ligated libraries were multiplexed by adding index sequences via amplification. The adapter ligated and indexed libraries were quantitated by QubIT and validated employing Agilent HS kit. Resultant validated libraries were pooled in equimolar proportion and subjected to sequencing on NextSeq500 platform (Illumina, USA) applying 2x150bp chemistry. Raw data was thenfurther processed after necessary quality check with a mean Q30>70%. All the raw sequence data has been submitted to Sequence Read Archive (SRA). Relevant accessions no.
isPRJNA407853 (https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA407853).
Genome annotation and functional analysis
Read quality check analysis and mapping: QC report of sequences obtained was produced through FastQC application. High-quality reads were then mapped to the reference genome of X.
campestris (NCBI accession no. AE008922.1) applying CLC RNASeq analysis protocol of CLC Genomics Workbench version 9.0.
Differential gene expression analysis: The count data was compared between the control and experimental samples to identify the differently expressed genes. The number of reads mapping to each gene was summarized as count data. The count data was first normalized applying quantile normalization tool in CGWB version 9, and then was further statistically analyzed using
Kal's Z-test integrated into CGWB. Genes with p≤0.05were filtered as either up-or downregulated genes, which were then looked forgene ontology classification in following databases: 
Results
X. campestris was exposed to 1 KHz sound beep at three different intensities, whose effect on its growth and EPS production is presented in Table 1 . Since EPS produced by this bacterium is a product of industrial importance and its production was enhanced in X. campestris culture subjected to 1000 Hz sound at 66 dB, by 1.69 fold (i.e. 69.30%); we subjected this sonicstimulated culture to whole transcriptome analysis to have a holistic idea of this bacterium's response to sound stimuli at molecular level.
A comparative analysis of 'control' X. campestris culture with that exposed to sonic stimulation (1000 Hz; 66 dB) in context of gene expression at the whole transcriptome level, resulted in identification of 4,242 genes; of which 961(22.65% of the genome) were expressed differentially in the sonic-stimulated culture at p≤0.05. However, to have greater confidence in our interpretation of the data, we applied the dual criteria of p ≤ 0.05 and fold-change value ≥1.5.
Of the 115 genes following these dual criteria, 57 were down-regulated (Table-2) , and 58 were up-regulated (Table-3 ). Fold change values of the up-regulated genes ranged till11, and those for down-regulated ones ranged till 13. Information on function of all these differentially expressed genes was sourced from KEGG database.A function-wise categorization of significantly differentially expressed genes is presented in Figure 1 . .53**± 0.89 **p ≤ 0.01; EPS unit was calculated to nullify any effect of change in cell density; C: Control; E: Experimental. All experiments were done in duplicate, and the results presented are mean of two independent experiments. Statistical significance in terms of pvalue was assessed through student's t-test done using Microsoft Excel ]. gumC is among the genes whose inactivation in a wild-type background is believed to be lethal. Its product may be needed for polymerization orexport of the polymer ]. Synthesis of many extracellular enzymes and xanthan is reported to be If we compare the effect of sonic stimulation on the gram-negative bacterium X.
campestris described in this study at the whole transcriptome level, with our earlier such study with another gram-negative bacterium Chromobacterium violaceum, the major categories of genes getting differently expressed in both cases include those coding for transcriptional regulators, enzymes, transposases, and a variety of proteins. Though we could not draw any major generalized conclusions, from the differential gene expression profile of the sonic-stimulated X. campestris culture described in this study, which can explain the molecular basis associated with enhanced EPS production of this bacterium, or the mechanism of how it perceives and responds to the sonic vibrations; this report along with our previous reports 
